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EXECUTIVE  SUMMARY 

Three  major  gold  mining  operations  have  opened  in  the  Hemlo 
area  since  1984.  Water  quality  surveys  and  monitoring  have  been 
on-going  since  1983  in  the  areas  of  potential  environmental  impact. 
These  include  four  sub-watersheds;  two  (Cedar  Creek  and  the  Little 
Black  River)  that  flow  into  the  Black  River,  and  two  (Hayward  and 
Frank  Creeks)  that  flow  into  the  White  River. 

Cedar  Creek 

The  Cedar  Creek  system  appeared  to  have  the  capacity  to 
assimilate  the  discharges  that  were  permitted  if  water  flows  are 
properly  managed.  However,  under  low  flow  conditions  such  as  in 
1989,  inadequacies  in  the  existing  water  supply  operating  system 
resulted  in  water  quantity  problems.  The  companies  are 
implementing  a  new  water  supply  operating  system  which  include 
upgrades  of  the  Wabikoba  and  Cedar  Lake  dams.  Discharges  of 
unacceptable  quality  to  Cedar  Creek  via  Moose  Creek  also  seem  to 
have  been  solved  by  changes  in  polishing  pond  operations  in  1990. 

A  major  spill  of  cyanide-contaminated  tailings  into  Cedar 
Creek  occurred  in  March  1990.  Cyanide  levels  at  a  drinking  water 
intake  downstream  on  the  Black  River  remained  below  maximum 
acceptable  concentrations.  As  a  result  of  this  and  several  less 
severe  spills,  all  three  companies  were  required  to  improve  the 
integrity  of  their  tailings  pipelines. 

Lim  Lake/Hayward  Creek 

As  a  result  of  final  effluent  discharge,  Lim  Lake's  water 
quality  has  been  degraded.  Effluents  discharged  into  Lim  Lake  have 
exceeded  Mining  Effluent  Guidelines  for  some  parameters. 
Furthermore,  Lim  Lake  -did  not  provide  its  predicted  assimilative 
capacity.  This  has  resulted  in  the  exceedance  of  Provincial  Water 
Quality  Objectives  for  several  parameters  and  a  negative  effect  on 
biota  as  far  downstream  as  the  Provincial  Water  Quality  Monitoring 
Station  (approximately  3.5  kilometres  downstream).  Measures  are 
required  to  prevent  further  degradation  both  in  and  downstream  from 
the  lake. 

Black  River  /  White  River  Watersheds 

Several  contaminants,  including  antimony,  molybdenum  and 
mercury  have  been  detected  above  background  levels  in  the  water  at 
various  locations.  Although  the  levels  are  within  acceptable 
limits,  the  sampling  of  sediments,  benthos,  and  fish  is  needed  to 
determine  whether  contaminants  are  accumulating  in  the  foodchain. 

Groundwater  Concerns 

Cyanide  has  been  detected  in  groundwater  near  the  Interlake 
tailings  pond.  Measures  to  deal  with  the  contamination  have  not 
yet  been  identified.  Expansion  of  the  Molson  tailings  basin  is 
also  expected  to  divert  additional  groundwater  flows  towards  Cedar 
Creek.  Monitoring  and  contingency  planning  will  be  necessary  to 
ensure  that  leachate  migration  does  not  cause  problems. 
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1.0  INTRODUCTION 

1.1  General 

With  the  discovery  of  substantial  gold  deposits  in  1980,  the 
Hemlo  area  became  the  focus  of  intensive  exploration  activity. 
Development  of  the  Williams  (previously  Lac  Minerals  Inc.),  Golden 
Giant  (Hemlo  Gold,  previously  Noranda  Inc.,  Hemlo  Project)  and 
David  Bell  (Teck-Corona  Operating  Corp.)  mines  followed. 

This  report  provides  a  brief  description  of  the  study  area, 
ore  deposits,  mining/milling  processes,  and  a  synopsis  of  the 
environmental  concerns  related  to  this  development.  It  also 
provides  a  summary  of  background  physical,  chemical  and  biological 
conditions  in  the  area  of  the  mines,  and  of  subsequent  changes  in 
water  quality. 

1.2  Study  Area 

The  study  area,  shown  in  Figure  1,  is  located  40  kilometres 
east  of  Marathon,  Ontario.  It  consists  of  four  sub-watersheds, 
two  (Cedar  Creek  and  Little  Black  River)  which  flow  into  the  Black 
River  system,  and  two  (Hayward  Creek  and  Frank  Creek)  which  flow 
into  the  White  River  system.  All  four  sub-watersheds  occupy 
headwater  positions  with  small  catchment  areas,  and  as  such  have 
limited  flows. 

Prior  to  the  development  of  the  Hemlo  gold  field,  the  area 
was  sparsely  populated  and  was  used  primarily  for  its  recreational, 
timber  and  fur  resources.   Recent  building  and  development  other 
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than  at  the  mine  sites  themselves  has  been  localized  in  the 
Marathon  and  Manitouwadge  areas. 

Studies  focused  on  pre-operational  water  quality,  sediments, 
benthos,  phytoplankton  and  fish  were  undertaken  by  the  Ontario 
Ministry  of  the  Environment  (OMOE) .  Additional  background 
information  collected  for  the  mining  proponents  between  1983  to 
1985  was  also  available  from  studies  by  Senes  (1984),  Wood  (1983, 
1984a,  1984b) ,  and  Harkness  and  Morgan  (1985) . 

1.2.1  Pre-operational  Chemical  and  Biological  Conditions 

a)  Water  Quality 

Although  there  is  some  regional  variation,  the  lakes  and 
streams  in  the  Hemlo  area  are  typical  of  the  Precambrian  Shield. 
Results  for  selected  conventional  parameters  and  metals  are  listed 
in  Table  1.  Arsenic,  mercury,  molybdenum  and  antimony  were  at  or 
below  detection  limits.  Although  copper,  iron,  lead  and  zinc 
levels  were  detected,  they  were  well  below  the  Provincial  Water 
Quality  Objectives  (PWQO's)  for  the  protection  of  aquatic  life 
(Appendix  Table  A-2)  . 

b)  Sediment  Characteristics 

The  levels  of  selected  trace  metals  for  Hemlo  area  sites  are 
listed  in  Table  2.  Although  there  was  some  site  variability  in 
heavy  metal  concentrations,  the  values  for  arsenic,  cadmium, 
cobalt,  manganese,  molybdenum,  nickel,  lead,  antimony  and  zinc 
generally  were  low,  and  in  the  range  reported  from  non-contaminated 
Ontario  Precambrian  Shield  lakes  (Allan  1974,  Wren  et  al.  1983, 
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Johnson  1987)  and  Lake  Superior  tributaries  (Fitchko  and  Hutchinson 
197  5)  .  Elevated  chromium,  copper,  mercury,  and  lead  levels  were 
found  in  sediments  at  a  number  of  sites.  However,  these  variations 
are  likely  due  to  differences  in  localized  bedrock  mineralization 
and  represent  natural  background  levels. 

c)  Phytoplankton  Community 

Algal  communities  in  the  Hemlo  area  were  represented  by  a  high 
number  of  taxa  but  low  densities  from  the  algal  groups  Chlorophyta 
(green  algae),  Chrysophyceae  (golden-brown  algae), 
Bacillariophyceae  (diatoms) ,  and  Cyanophyta  (blue-green  algae) . 
The  community  composition  was  very  similar  to  Precambrian  Shield 
lakes  in  the  Experimental  Lakes  Area,  Ontario  (Schindler  and 
Holmgren  1971)  . 

d)  Benthic  Community 

The  species  assemblage  found  at  the  riverine  sampling 
locations  varied  considerably  with  substrate  type.  The  riffle 
sites  sampled  on  the  White  River  and  Cedar,  Hayward  and  Frank 
Creeks  supported  diverse  aquatic  communities  dominated  by 
Ephemeroptera  (mayflies) ,  Plecoptera  (stoneflies) ,  Trichoptera 
(caddisf lies)  and  Chironomidae  (midges) .  However,  the  hard 
clay/sand  substrate  present  at  the  Black  and  Pic  River  sites  were 
dominated  by  Chironomidae,  and  had  a  greatly  reduced  benthic 
community  with  respect  to  both  biomass  and  species  diversity. 

All  lake  sites  yielded  a  low  overall  number  of  organisms  and 
taxa.  The  sites  were  dominated  by  Diptera  (primarily  Chironomidae) 
and  Oligochaeta   (segmented  worms) .    This  reflected  the  low 
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productivity   and   soft,   flocculant   bottom   substrate   which 
characterizes  the  deeper  portions  of  the  lake  basins  in  the  region. 

e)  Fisheries  Investigations 
Fish  Communities 

Hemlo  area  lakes  contained  northern  pike/white  sucker  or 
walleye/northern  pike/whitef ish/white  sucker  communities.  Netting 
indicated  that  the  Pic,  Black  and  White  Rivers  contained  resident 
walleye,  northern  pike  and  whitefish.  Muskellunge  were  caught  in 
the  lower  reaches  of  the  Black  and  Pic  Rivers.  The  lower  portions 
of  these  rivers  or  their  tributaries  also  are  spawning  areas  for 
migrating  salmonids  from  Lake  Superior. 

Limited  netting  in  Cedar  Creek  near  the  mine  sites  yielded 
only  northern  pike.  Walleye  probably  also  use  areas  of  Cedar  Creek 
above  the  mine  sites  and  sections  near  the  Black  River  for 
spawning.  Brook  trout  also  are  known  to  be  present  in  Cedar  Creek. 
Heavy  Metal  Levels  in  Fish 

Mercury  levels  of  fish  sampled  from  the  Hemlo  area  were  high. 
Approximately  50%  of  the  walleye  and  the  majority  of  northern  pike 
sampled  exceeded  the  0.5  mg/kg  guideline  for  unlimited  consumption. 
There  were  some  local  differences  in  fish  mercury  concentrations. 
The  highest  levels  were  found  in  the  headwater  areas  of  the  Hayward 
Creek  watershed  (i.e.  Molson,  Lim,  Spangle  and  Herrick  Lakes) . 
Since  there  were  no  industrial  point  sources  of  mercury  in  this 
watershed,  the  high  mercury  levels  are  thought  to  be  the  result  of 
ambient  environmental  conditions  and/or  atmospheric  transport. 
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Levels  of  all  other  metals  examined  (arsenic,  antimony,  zinc,  and 
lead)  were  low,  with  values  below  or  just  above  detection  levels. 

1.2.2  Geomorphology 

The  area  has  low  to  moderate  relief  with  gently  rolling  to 
hilly  terrain.  A  thin,  discontinuous  layer  of  ground  moraine 
(generally  <  1  m  thick)  overlies  the  bedrock  surface,  with  numerous 
outcroppings.  There  are  extensive  glacio-lacustrine  deposits  in 
the  Black  River  valley  and  Cedar  Lakes  area.  A  more  detailed 
description  of  the  terrain  was  reported  by  Gartner  and  McQuay 
(1980) .  Forest  cover  in  the  study  area  is  predominantly  mature 
poplar/fir  and  spruce/fir  associations,  although  low-lying  swampy 
areas  typically  contain  cedar,  black  spruce  and  alder. 

1.2.3  Description  of  the  Ore  Body 

The  Hemlo  gold  deposit  occurs  in  the  contact  zone  of  an 
east-trending  greenstone  belt  of  Archean  metavolcanic  and 
metasedimentary  rock  which  form  a  portion  of  the  Wawa  subprovince 
of  the  Canadian  shield.  The  mineralized  zone  of  the  gold  deposit 
itself  consists  of  disseminated  pyrite,  gold  and  molybdenite  hosted 
within  siliceous  and  seritic  altered  metasediments  (Patterson 
1983) .  There  are  also  a  number  of  accessory  minerals  which  contain 
appreciable  quantities  of  antimony,  mercury  and  arsenic  in  the  ore- 
body.  Patterson  (1983)  and  Muir  (1982,1983)  provide  greater  detail 
about  the  area's  exploration  history,  and  the  geology  of  the  gold 
deposit. 


1.3  Water  Quality  Concerns 

Environmental  concerns  that  needed  to  be  addressed  as  the 
mines  were  being  developed  included: 

-the  location  of  water  intakes  and  the  volumes  of  water  taken; 

-the   locations   of   effluent   discharge   points   and   their 

contaminant  loads; 

-site  drainage  and  the  treatment  of  domestic  wastes; 

-the  location  of  tailings  basins  and  containment  of  any  runoff 

and  leachate;  and 

-the  potential  for  groundwater  contamination. 

Following  the  field  examination  and  review  of  potential  sites, 
the  Molson  Lake  basin  (shared  by  Williams  and  David  Bell)  and  the 
Interlake  area  (used  by  Golden  Giant)  were  chosen  as  the  most 
suitable  tailings  basin  locations  (Fig. 2).  To  minimize  seepage, 
external  dam  structures  were  made  of  either  a  high  density 
polyethylene  liner  or  a  clay  core.  Cement  grout  curtains  and 
compacted  materials  also  were  used  in  order  to  create  a  high 
quality  seal.  As  a  final  safeguard,  cutoff  trenches  were 
constructed  to  intercept  any  seepage,  which  could  then  be  pumped 
back  into  the  tailings  basin. 

The  mines  were  directed  to  discharge  their  final  effluent  into 
the  White  River  system  even  though  they  were  located  in  the  Black 
River  watershed.   There  are  two  reasons  for  this  decision: 

1)  The  Black  River  serves  as  a  public  water  supply  for  the 

Pic-Heron  Indian  Band,  and 
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2)  Since  the  White  River  has  nearly  twice  the  flow  of  the 

Black  River,  it  provides  better  effluent  assimilation  and  a 

much  greater  safety  factor  for  contingencies. 

It  was  determined  that  one  sub-watershed  did  not  have  the 

assimilative  capacity  to  handle  all  of  the  companies'  discharges 

without  a  major  negative  impact.   The  David  Bell  and  Golden  Giant 

mines  were  permitted  to  discharge  into  the  Hayward  Creek  system 

via  Lim  Lake  whereas  the  Williams  mine  was  directed  to  discharge 

into  the  Frank  Lake  system. 

Discharges  from  the  mines'  sedimentation  and  polishing  ponds 
(which  received  mine  water  and/or  site  drainage)  and  sewage 
treatment  facilities  were  allowed  into  Cedar  Creek.  Treatment  of 
these  discharges  were  incorporated  to  protect  the  creek's  water 
quality. 

1.4  Water  Quantity  Concerns 

Information  collected  prior  to  1984  suggested  that  although 
normal  flow  in  Cedar  Creek  should  be  sufficient  to  meet  water 
demands  and  satisfy  OMOE's  environmental  concerns,  augmented  flows 
might  be  required  during  critical  low  flow  periods.  Studies  (EAG 
1984,  Proctor  and  Redfern  1985)  commissioned  by  the  three  mining 
companies  indicated  that  the  Cedar  Creek  watershed  would  have  the 
required  augmentative  capacity  if  the  dams  at  both  Theresa  and 
Little  Cedar  Lakes  were  refurbished  to  hold  more  spring  flow  in 
reserve,  and  if  the  watershed  were  properly  managed.  However,  the 
companies  did  not  initially  adopt  a  formal  watershed  management. 
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plan  and  limited  their  improvements  to  the  Theresa  Lake  dam.  They 
believed  re-construction  of  this  dam  alone  would  provide  the 
required  storage  and  flow  control  needed  to  meet  all  identified 
water  demands.  In  1985  Water  Survey  of  Canada  installed  a 
hydrometric  station  on  Cedar  Creek  below  the  mine  sites  in  order 
to  monitor  the  impact  of  water  withdrawal  for  the  mines  on  creek 
flows. 

1.5  Mine/Milling  Operations  and  Effluent  Treatment 

The  present  production  rates  at  the  Williams,  Golden  Giant 
and  David  Bell  mines  are  6000,  3000,  and  1250  metric  tonnes  of  ore 
per  day,  respectively.  All  three  mines  had  projected  lifespans  of 
20  years  based  on  originally  defined  ore  reserves. 

A  primary  water  quality  concern  associated  with  sub-surface 
mining  is  the  composition  of  mine  water.  Mine  water  consists  of 
water  that  is  pumped  from  the  lowest  reaches  of  the  mine  workings 
and  is  made  up  of  groundwater  and  the  water  used  for  drilling  and 
dust  control  in  mining  operations.  It  generally  has  a  neutral  pH, 
high  suspended  solids  level  and  a  low  dissolved  metals  content. 
Elevated  ammonia  levels  may  occur  in  mine  water  since  ammonium 
nitrate/fuel  oil  (ANFO)  is  the  primary  explosive  used  in  mining 
operations. 

All  three  mines  use  the  same  general  milling  process.  The 
ore  initially  is  crushed  and  ground,  thickened,  and  pre-aerated  to 
oxidize  any  substances  which  could  combine  with  cyanide.  It  then 
undergoes   cyanide   leaching   and   is   circulated   through   a 
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carbon-in-pulp  (CIP)  circuit  to  remove  the  solubilized  gold.  The 
gold  is  then  stripped  from  the  loaded  carbon,  recovered  by 
electrowinning,  and  cast  into  bars.  Lakshmanan  (1988)  provides  a 
detailed  description  of  the  actual  CIP  process. 

Following  gold  recovery,  the  waste  slurry  (tailings)  is 
discharged  to  a  tailings  basin.  This  allows  settling  of  suspended 
solids,  volatilization  of  cyanide,  and  destruction  of  cyanide  by 
photo-decomposition  into  ammonia  and  carbon  dioxide.  Following 
settling,  the  supernatant  (surface  waste  water)  from  the  tailings 
area  is  reclaimed  and  then  used  in  the  mill's  water  recycling 
circuit  or  sent  to  the  effluent  treatment  plant. 

Three  different  techniques  (addition  of  sulphur  dioxide  and 
injected  air,  hydrogen  peroxide,  or  copper-ferrous  sulphate)  have 
been  used  in  the  primary  treatment  process  to  destroy  free  cyanide 
and  metallo-cyanide  complexes,  and  to  begin  the  removal  of  some  of 
the  heavy  metals.  A  ferric  iron  co-precipitation  process  then  is 
used  to  remove  the  more  persistent  heavy  metals,  especially 
antimony  and  molybdenum.  The  Williams  and  Golden  Giant  mines 
discharge  final  effluent  only  during  the  open-water  period  of  the 
year.  The  David  Bell  operation,  however,  has  a  continuous  year- 
round  final  effluent  discharge. 

2.0  METHODS 

2.1  Final  Effluent  Toxicity  Studies 

The  OMOE  requires  that  the  final  undiluted  effluent  discharged 
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by  the  three  Hemlo  area  gold  mines  be  non-toxic;  specifically,  the 
effluent  must  have  a  96-hr  LC^q  (the  concentration  which  is  lethal 
to  50%  of  the  test  animals  in  96  hours)  that  is  greater  than  or 
equal  to  100%  survival.  Final  effluent  samples  have  been 
periodically  collected  for  water  quality  analysis  and  bioassay 
purposes  since  the  startup  of  each  of  the  mines'  effluent  treatment 
plant.  All  tests  were  required  to  follow  OMOE  protocol  (Craig  et 
al.  1983) . 

2.2  Environmental  Impact  Monitoring  Studies 
a)  Surface  Water  Quality  Studies 

Water  sampling  networks  were  established  on  the  Cedar  Creek, 
Hayward  Creek,  and  Frank  Creek  watersheds  as  part  of  the 
requirements  of  operation  on  each  company's  Certificate  of 
Approval.  Routine  sampling  by  the  mines  is  detailed  in  Appendix 
A-2.  The  OMOE  also  samples  Cedar  Creek,  Hayward  Creek  and  the 
Black  River  monthly  as  part  of  the  Provincial  Water  Quality 
Monitoring  Network  (PWQMN) . 

Additional  OMOE  sampling  programs  have  been  implemented 
periodically  throughout  the  area.  The  focus  of  these  programs  have 
been  on  the  areas  with  the  greatest  likelihood  of  being  affected 
by  mine/mill  operations.  These  programs  have  included  the 
collection  of  phytoplankton  and  benthic  invertebrate  samples. 
However,  identification  and  enumeration  results  of  these  studies 
are  not  presently  complete,  and  will  be  reported  at  a  later  date. 
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b)  Groundwater  Monitoring 

The  companies  are  required  to  monitor  regularly  for  any 
seepage  and  groundwater  quality  changes  caused  by  their  tailings 
facilities.  Groundwater  monitoring  wells  were  installed  along  the 
outer  perimeters  of  all  tailings  basin  dams.  The  type,  location 
and  depth  of  installation  of  the  monitoring  wells  are  reported  by 
Klohn  Leonoff  {1985a,  1985b)  for  David  Bell,  Colder  Associates 
(1984,  1985)  for  Williams,  and  EAG  (1984)  for  Golden  Giant.  The 
wells  are  sampled  quarterly,  and  are  analyzed  for  pH,  total  cyanide 
and  major  metals. 

3.0  RESULTS  AND  DISCUSSION 

3.1  Final  Effluent  Toxicity 

Despite  efforts  to  improve  effluent  quality,  the  three  mines 
have  failed  to  produce  a  totally  non-lethal  final  effluent  (Table 
3)  .  Ammonia  was  the  principal  toxicant  identified  as  being 
responsible  for  the  initial  problems  (Craig  1985,  Robertson  1986) . 
Ammonia  toxicity  was  greatly  reduced  by  adjusting  final  effluent 
pH  to  less  than  8.0.  This  process  change,  made  in  1986,  decreases 
the  amount  of  un-ionized  ammonia  (ammonia's  most  toxic  form)  in  the 
effluent  stream,  and  can  produce  a  largely  non-lethal  final 
effluent. 

However,  results  since  1986  indicate  that  at  least  some 
toxicity  problems  persist.  The  continued  occurrence  of  mortality 
during  toxicity  sampling  of  final  effluent  despite  the  pH  changes 
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indicates  that  the  remaining  cyanide  and/or  yet  to  be  identified 
metal  complexes  also  contribute  to  effluent  lethality.  The 
combined  effects  of  these  substances  on  biota  in  the  natural 
environment  are  not  yet  known. 

3.2  Environmental  Impact  Monitoring  Studies 

3.2.1  Cedar  Creek  Watershed 
a)  Water  Quality  Changes 

Ammonia,  iron,  nitrate,  nitrite,  and  phosphorus  increases  were 
observed  in  Cedar  Creek  below  the  mines  once  construction  began  in 
1984  (Table  4)  .  Iron  and  total  phosphorus  levels  periodically 
exceeded  PWQO ' s .  However,  these  increases  did  not  affect  water 
quality  downstream  in  the  Black  River. 

A  more  detailed  survey  in  1989  identified  the  Williams' 
polishing  pond  discharge  as  the  source  of  increases  in  pH,  ammonia, 
antimony,  cyanide,  conductivity,  and  molybdenum  measured  in  Cedar 
Creek  below  the  mines.  During  low  flows  in  late  July  1989  (Table 
6),  the  polishing  pond's  discharge  accounted  for  up  to  50  percent 
of  the  creek's  flow  below  the  mine  site.  This  resulted  in  Cedar 
Creek  pH's  exceeding  the  PWQO  at  all  downstream  sampling  points  and 
un-ibnized  ammonia  levels  exceeding  the  PWQO  at  the  sites 
immediately  below  the  mine  throughout  the  period  of  low  flow. 

Data  for  the  Williams  Mine  for  1987  to  1990  showed  that  the 
polishing  pond  consistently  failed  to  meet  its  ammonia  and/or  pH 
Certificate  of  Approval  limits  (Table  5) ;  therefore,  the  company 
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was  required  to  re-route  the  discharge  to  tailings.   Water  quality 
below  the  mines  have  returned  to  background  levels  since  the  change 
was  made  on  March  26,  1990  (Table  4) . 
b)  Hydroloqical  Changes 

Cedar  Creek's  mean  monthly  discharges  for  1985  to  1989  as 
measured  by  Water  Survey  of  Canada  are  presented  in  Table  6.  Cedar 
Creek's  flow  pattern  is  typical  of  streams  in  northwestern  Ontario. 
Annual  flows  undergo  a  primary,  episodic  peak  from  April  to  May  as 
a  result  of  snowmelt,  followed  by  a  period  of  decreased  flows.  Any 
subsequent  secondary  peaks  are  the  result  of  periods  of  rainy 
weather,  or  early  snowfalls  that  melt. 

Despite  record  high  flows  in  mid-May  1989,  Cedar  Creek 
discharges  reached  record  lows  by  late  July  (<0.10  m^/s) .  Creek 
flow  didn't  return  to  levels  above  0.22  cubic  metres  per  second 
(the  minimum  estimated  flow  required  to  protect  natural  stream 
function)  at  the  hydrometric  station  until  late  October. 

The  severity  of  the  water  shortage  illustrated  the  importance 
of  lake  retention  and  replenishment  times  in  maintaining  Cedar 
Creek  flow.  It  also  re-raised  the  issue  of  whether  Cedar  Creek  had 
the  augmentative  capacity  to  meet  both  mine  and  other  creek  water 
demands.  Therefore,  the  companies  were  directed  to  i)  re-assess 
whether  Cedar  Creek  had  the  capacity  to  supply  all  water  demands 
(including  recreational,  mine/mill,  and  natural  stream 
requirements)  and  ii)  provide  a  comprehensive  Watershed  Management 
Plan  to  ensure  suitable  minimum  flows  prior  to  any  renewal  of  the 
companies'  Permits  to  Take  Water. 
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À  study  commissioned  by  the  mines  confirmed  that  Cedar  Creek 
has  the  required  augmentative  capacity  if  properly  managed  (Proctor 
and  Redfern  1990) .  On  the  basis  of  that  study's  recommendations, 
improvements  have  been  made  to  the  Wabikoba  dam,  the  Cedar  Lake  dam 
will  be  re-constructed,  and  a  new  watershed  operating  plan 
regulating  water  storage  has  been  developed.  In  order  to  have  a 
more  effective  communication  network  between  the  different  user 
groups,  the  companies  have  also  formed  a  watershed  management 
committee  which  include  the  local  cottage  associations.  Presently 
water  taking  permits  are  issued  to  the  mines  annually  on  an  interim 
basis.  The  companies  are  expected  to  demonstrate  that  the  new 
Cedar  Creek  Operating  Plan  meets  all  the  water  demands  for  mining, 
cottaging  and  natural  stream  function  if  taking  from  this  source  is 
permitted  to  continue, 
c)  1990  Golden  Giant  Tailings  Line  Spill 

On  March  12,  1990,  Golden  Giant's  tailings  pipeline  ruptured 
at  the  point  where  its  supporting  trestle  crosses  Cedar  Creek. 
This  spill  directly  affected  both  Cedar  Creek  and  the  Black  River. 
Company  officials  reported  that  up  to  600  m-^  of  tailings  containing 
60  mg/1  total  cyanide  was  released  into  Cedar  Creek  over  an  eight 
hour  period.  OMOE  estimates  suggest  that  the  amount  of  total 
cyanide  in  Cedar  Creek  immediately  downstream  of  the  trestle  ranged 
from  1.0  to  5.0  mg/1  during  the  spill.  These  levels  likely 
resulted  in  significant  mortality  to  the  benthic  and  fish 
communities  in  Cedar  Creek.  It  has  been  demonstrated  that  levels 
as  low  as  0.05  mg/1  free  cyanide  are  acutely  lethal  to  brook  trout 
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causing  death  within  minutes,  and  that  levels  above  0.2  mg/l  free 
cyanide  are  rapidly  lethal  to  most  aquatic  species  (Leduc  1984) . 

The  maximum  recorded  Black  River  total  cyanide  levels  at 
Highway  17  and  near  the  Pic-Heron  drinking  water  intake  were  0.03 
mg/l  and  0.01  mg/l  respectively.  Although  cyanide  levels  at  these 
locations  never  approached  unsafe  levels  for  drinking,  the  spill 
reinforced  the  concerns  of  the  Pic-Heron  Bay  community  over  the 
safety  of  their  drinking  water  supply.  Golden  Giant  retained 
consultants  to  recommend  design  and  operational  changes  to  ensure 
that  the  tailings  will  be  handled  in  a  more  environmentally  safe 
manner. 

The  impact  of  the  1990  tailings  spill  to  Cedar  Creek's  benthos 
has  been  the  focus  of  a  seasonal  study  by  the  OMOE.  Presently  in 
its  second  year,  the  study  will  provide  a  measure  of  actual  impact 
on  Cedar  Creek's  benthic  community,  the  timeframe  required  for 
recovery,  and  a  means  of  predicting  the  measure  of  impact  should  a 
similar  spill  occur  in  northwestern  Ontario. 

3.2.2  Hayward  Creek  Watershed 

Both  the  Golden  Giant  and  David  Bell  mines  discharge  their 
treated  effluent  into  Lim  Lake.  Although  water  quality  changes 
were  expected,  it  was  thought  that  assimilation,  natural 
degradation  processes  (e.g.  volatilization  of  ammonia  and  cyanide) , 
and  the  watershed's  capacity  for  dilution  would  restrict  any  effect 
to  Lim  Lake  proper.  However,  increases  in  ammonia,  antimony, 
copper,   cyanide,   conductivity,   molybdenum,   and  sulphate  were 
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observed  at  the  Lim  Lake  outflow  soon  after  the  initiation  of 
effluent  discharge  (Table  7) .  This  suggests  either  Lim  Lake  did 
not  have  the  0.5  year  calculated  water  retention  time  (Sigma  1984)  , 
or  that  a  short-circuiting  pathway  existed  in  Lim  Lake. 

Contaminant  levels  in  Lim  Lake  are  high  (Table  7) .  Ammonia, 
mercury  and  antimony  concentrations  at  Lim  Lake's  outflow  (1.2km 
downstream  of  final  effluent  discharge  locations)  have  exceeded  or 
still  exceed  Ontario's  Mining  Effluent  Guidelines  for  final 
effluent  (listed  in  Appendix  A. 2).  Ammonia,  free  cyanide,  copper 
and  nickel  levels  have  also  exceeded  or  continue  to  exceed  PWQO's 
as  far  downstream  as  the  Hayward  Creek  sampling  location  (2,3  km 
downstream  of  Lim  Lake) ,  and  conductivity  and  sulphate  levels  are 
continuing  to  increase  at  both  locations  (Table  7,  OMOE  files). 

There  have  been  significant  decreases  in  Lim  Lake's  total 
cyanide  and  metal  levels  (particularly  antimony  and  molybdenum) 
since  metal  and  cyanide  concentrations  peaked  in  mid-  to  late  1987 
(Table  7)  .  The  metal  reductions  were  achieved  through  effluent 
process  changes  implemented  in  early  1988.  Cyanide  decreases 
reflect  a  number  of  process  changes  which  included  a  major 
reduction  in  the  use  of  process  cyanide  in  the  gold  recovery 
process,  and  the  increased  capacity  for  natural  cyanide  destruction 
in  the  tailings  basins  due  to  their  increased  surface  areas. 

However,  despite  the  above-noted  decreases,  evidence  of  other 
potentially  serious  problems  are  still  emerging.  Lim  Lake  no 
longer  undergoes  complete  mixing.  Spring  turnover  did  not  occur  in 
either  1989  or  1990.   As  a  result,  depleted  hypolimnetic  oxygen 
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levels  were  observed  throughout  the  summer  periods  of  both  years. 
Furthermore,  ammonia  levels  in  Lim  Lake  were  near  or  exceeded  the 
10  mg/1  final  effluent  guideline  at  all  lake  stations,  and  1990 
results  suggest  that  chemical  stratification  may  be  beginning  in 
the  deepest  portions  of  the  lake. 

To  date,  there  have  been  only  minimal  changes  to  water  quality 
in  the  lower  portions  of  the  Hayward  Creek  watershed  and  little  or 
no  change  in  the  White  River.  Although  there  have  been  detectable 
increases  above  background  levels  for  several  metals  (including 
antimony,  molybdenum  and  mercury)  and  cyanide  in  Herrick  Lake  and 
Hayward  Lake,  and  antimony  and  molybdenum  in  the  White  River, 
concentrations  have  remained  low  (OMOE  files) . 

3.2.3  Frank  Creek  Watershed 

The  Williams  Mine  did  not  begin  final  effluent  discharge  into 
Frank  Lake  until  September  30,  1987.  Since  effluent  discharge  was 
initiated,  an  immediate  increase  in  antimony,  molybdenum,  and  all 
of  the  nitrogen  parameters  (including  ammonia)  was  detected  in 
Frank  Lake  (Table  8;  OMOE  files)  .  Conductivity  levels  are  high  and 
are  continuing  to  increase.  Total  cyanide  levels  increased  in 
1988,  but  have  apparently  returned  to  pre-discharge  levels. 
Concentrations  of  all  the  parameters  monitored  have  remained  below 
PWQO's  suggesting  that  Frank  Lake  has  been  able  to  assimilate  the 
amount  of  contaminants  discharged  to  date.  Continued  monitoring 
will  ensure  that  any  future  changes  will  be  detected. 
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3.2.4  Little  Black  River  Watershed 

The  Little  Black  River  system  has  been  sampled  periodically 
by  the  OMOE  since  May  1983.  Although  no  mine  discharge  is  allowed 
into  the  Little  Black  River  system,  the  proximity  of  its  headwaters 
to  the  mines  makes  it  susceptible  to  contamination.  This  point  has 
been  emphasized  by  four  separate  ruptures  of  tailings  or  water 
reclaim  lines  between  March  1986  and  December  1989.  The  spills 
have  resulted  in  low,  but  detectable  levels  of  total  cyanide  as  far 
downstream  as  the  Cache  Lake  inflow. 

Levels  of  antimony  in  the  Little  Black  River  at  Highway  17 
(below  the  Rule  Lake  outflow)  and  just  upstream  of  Cache  Lake 
increased  from  being  undetectable  in  1983  to  5-25  ug/1  since  April 
1986  (OMOE  files) .  This  increase  in  antimony  levels  is  below  any 
level  of  concern,  and  there  have  been  no  increases  in  any  other 
parameter.  However,  there  may  be  a  source  of  low  level 
contamination  (possibly  from  on-site  drainage  or  atmospheric 
loadings  from  William's  surface  blasting  operations)  in  the  upper 
portions  of  the  Little  Black  River. 

3.3  Groundwater  Quality  Monitoring 

Groundwater  quality  monitoring  shows  little  or  no  change  from 

background  levels  at  any  of  David  Bell's  (Robertson  and  Price  1988; 

Robertson  and  Price  1987,  and  1989,  Price  1990)  or  William's  (Lac 

1988,  1989;  Williams  1990)  piezometer  locations.  However,  low 

total  cyanide  levels  have  been  detected  at  two  of  the  Golden 

Giant's  groundwater  monitoring  wells  (Wl  and  W5)  since  mid-1989 
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(Moreland  and  Hall  1990) .  Although  there  were  no  detectable 
increases  in  any  other  parameter,  the  detection  of  cyanide 
indicates  that  there  is  at  least  some  tailings-derived 
contamination  of  the  area's  groundwater. 

Changes  to  the  Molson  tailings  basin  have  been  proposed  by 
Williams.  Colder  and  Associates  (1984)  identified  two  tailings 
basin  derived  seepage  points  that  could  impact  Cedar  Creek  within 
one  year  after  the  Molson  tailings  are  raised.  Groundwater  studies 
will  be  needed  to  monitor  seepage  from  the  Molson  tailings  basin 
towards  Cedar  Creek.  Since  both  seepage  points  identified  by 
Colder  and  Associates  are  above  all  present  control  sites,  a  new 
upstream  control  site  will  be  required. 

4.0   CENERAL  DISCUSSION 

The  pollution  control  restraints  which  were  required  prior  to 
development  of  the  Hemlo  area  have  been  effective  in  avoiding  many 
of  the  environmental  problems  commonly  associated  with  gold  mining. 
Furthermore,  the  regulatory  process  involving  each  company's 
Certificate  of  Approval  provides  a  mechanism  that  requires  each 
mine  to  maintain  water  quality  monitoring  networks  to  appraise  the 
effectiveness  of  effluent  treatment  and  define  the  area  of  water 
quality  impact.  Nonetheless,  activities  associated  with  the  Hemlo 
mining  operations  have  had  a  negative  impact  on  the  water  quality 
in  several  areas.  Some  problems  such  as  those  associated  with 
Cedar  Creek  have  been  corrected.   However,  a  number  of  potential 
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and  existing  problem  areas  remain. 

The  most  critical  problem  continues  to  be  the  impact  of  final 
effluent  discharge  to  the  Hayward  Creek,  and  to  a  lesser  extent  the 
Frank  Creek  watersheds.  Despite  process  changes  which  have  greatly 
reduced  antimony,  molybdenum  and  cyanide  loadings,  Lim  Lake  still 
does  not  have  the  assimilative  capacity  to  handle  present  discharge 
levels.  Results  also  suggest  that  given  present  loadings 
(particularly  of  sulphates),  Lim  Lake  could  become  meromictic,  a 
condition  in  which  dissolved  solids  accumulate  with  the  result  that 
layers  of  water  near  the  bottom  become  much  denser  than  surface 
waters  and  natural  mixing  does  not  occur.  The  apparent  disruption 
in  the  normal  seasonal  process  of  stratification  and 
destratif ication  in  Lim  Lake,  as  well  as  present  sulphate  loading 
levels  which  are  very  near  those  thought  to  have  induced  meromixis 
in  Mose  Lake  (ie.  1100  mg/1)  near  Manitouwadge,  Ontario  (German 
1972)  suggest  that  we  may  be  observing  the  initial  stages  in  the 
development  of  meromictic  conditions.  Should  a  chemocline  (a 
chemically-caused  density  gradient)  form,  it  would  create  a  highly 
contaminated  reservoir  within  Lim  Lake  which  would  have  to  be  dealt 
with  prior  to  any  final  closure  plans  by  the  mines. 

Another  concern  related  to  Lim  Lake  is  that  present  lake 
levels  are  maintained  by  an  abandoned  beaver  dam.  Should  this 
structure  wash  out,  the  resultant  water  pulse,  with  its  already 
poor  water  quality  plus  any  metals  remobilized  from  sediment  as  a 
result  of  a  sudden  one  meter  decrease  in  lake  level  could  have 
significant  impacts  further  downstream.   Hydrogeological  studies 
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also  suggest  that  once  Molson  tailings  elevations  exceed  Lim  Lake's 
present  operating  level  of  332  metres,  there  will  be  at  least  some 
groundwater  flow  reversal  from  the  Molson  tailings  basin  towards 
Lim  Lake  (Klohn  Leonoff  1985a,  1985b) .  Any  future  decrease  in  Lim 
Lake  water  levels  could  result  in  greater  than  predicted  increases 
in  groundwater  flow  from  this  contaminative  loading  source  toward 
Lim  Lake. 

A  future  concern  that  will  require  continual  monitoring  and 
assessment  is  the  potential  of  acid  generation  from  the  tailings 
areas.  Although  there  has  been  no  evidence  of  acid  generation  from 
these  sites  to  date,  the  ore  body's  high  pyritic  content,  low 
carbonate  content  and  pyrite-silica/silicate  ratio  dictates  that 
a  continual  monitoring  program  be  in  place  to  ensure  the  detection 
of  any  acid  mine  drainage  problems  as  soon  as  they  begin  to 
develop. 

Finally,'  the  impact  of  elevated  cyanide,  ammonia  and  metal 
levels  as  a  result  of  mining  activities  on  the  Hayward  and  Frank 
Creek  watershed's  aquatic  communities  remain  unknown.  An 
unexplained  peak  in  mercury  levels  observed  throughout  the  Hayward 
Creek  watershed  between  mid-1987  and  early  1988  raised  concerns  as 
to  what  the  actual  level  of  contamination  and  potential  bio- 
availability was  in  the  Hayward  Creek  and  White  River  systems. 
Antimony  levels  in  both  Lim  and  Frank  Lake  have  also  been  at  or  are 
approaching  levels  shown  to  cause  sub-acute  and  chronic  effects  to 
a  number  of  fish  species  (Trotter  1987)  . 
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Preliminary  results  (OMOE  files)  suggest  there  has  been  a 
decrease  in  both  species  diversity  and  numbers  of  benthic  organisms 
at  the  Hayward  Creek  PWQMN  station,  and  the  near  elimination  of  the 
Lim  Lake  benthic  communities  since  effluent  discharge  began  (OMOE 
files) .  There  also  have  been  at  least  short-term  changes  observed 
in  the  Cedar  Creek  benthic  community  as  a  result  of  a  tailings  line 
rupture  into  this  waterway.  These  results  emphasize  that  there  is 
a  definite  need  to  quantify  any  changes  to  the  biota  (including 
benthic  and  fish  communities)  from  area  watersheds  as  a  result  of 
Hemic  mining  operations, 

5.0  CONCLUSIONS 

1.  Poor  control  of  water  supply  combined  with  dry  weather  caused 
water  quantity  and  quality  problems  in  Cedar  Creek.  Contaminative 
point -source  discharges  contributing  to  the  water  quality  problems 
have  been  redirected  to  tailings.  Water  shortage  problems  can  be 
prevented  from  recurring  with  proper  water  management.  A  watershed 
management  committee,  which  includes  representatives  from  the  local 
cottaging  associations,  has  been  put  together  to  ensure  that  the 
conditions  of  the  new  watershed  operating  plan  are  followed. 

2.  A  1990  tailings  line  rupture  and  spill  have  affected  the  water 
quality  and  biota  in  Cedar  Creek,  at  least  over  the  short  term. 
There  were  apparently  no  major  impacts  to  the  Black  River.  As  a 
result  of  this  and  several  earlier  spills  by  the  other  two 
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companies  to  the  Little  Black  River  system,  the  companies  were 
required  to  improve  the  integrity  of  all  their  tailings  lines. 

3.  Due  to  the  limited  dilutive  and  assimilative  capacity  offered 
by  the  area's  receiving  watersheds,  there  may  be  a  need  for 
effluent  treatment  measures  beyond  simply  meeting  Mining  Effluent 
Guidelines.  As  a  result  of  effluent  discharge,  the  water  quality 
in  Lim  Lake  has  been  seriously  degraded  and  is  in  danger  of 
becoming  chemically  stratified.  Frank  Lake  has  undergone  a  number 
of  chemical  changes  in  a  pattern  similar  to  the  early  stages  of  Lim 
Lake.  Although  the  changes  have  been  less  severe  and  levels  are 
still  below  PWQO ' s ,  the  potential  for  the  same  problems  exist  for 
this  watershed. 

4.  Increases  above  background  levels  of  contaminants  have  been 
detected  in  Herrick  and  Hayward  Lakes,  the  White  and  Little  Black 
Rivers.  Increases  in  some  parameters,  notably  mercury,  in  the 
Hayward  Creek  watershed  are  of  concern  because  they  do  bio- 
accumulate  in  the  food  chain.  Initial  studies  suggest  there  have 
already  been  changes  to  the  benthic  community  in  the  upper  reaches 
of  the  Hayward  Creek  watershed. 

5.  The  measurement  of  detectable  total  cyanide  levels  in  1989 
and  early  1990  at  two  of  the  monitoring  wells  near  Golden  Giant's 
tailings  basin  indicates  there  has  been  at  least  some  tailing- 
derived  contamination  of  the  area's  groundwater. 
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6.  Anticipated  enlargement  of  the  Molson  Tailings  Basin  has  the 
potential  to  create  an  additional  contaminative  source  to  Cedar 
Creek  as  a  result  to  changes  in  groundwater  flows. 

6.0   RECOMMENDATIONS 

1.  All  three  mining  companies  need  to  increase  the  level  of  their 
toxicity  sampling  to  ensure  that  their  final  effluent  discharges 
are  in  fact  acutely  non-lethal.  Minimally,  sampling  should  occur 
once  monthly  when  there  is  discharge  to  the  environment.  If 
toxicity  problems  are  identified,  a  review  of  past  and  additional 
water  chemistry/bioassay  studies  will  be  required  to  identify  the 
toxic  components  (in  addition  to  ammonia)  that  are  in  the  effluent. 
Further  treatment  may  then  be  required. 

2.  To  ensure  protection  of  the  area' s. watersheds,  the  companies 
must  identify  the  maximum  size  of  mixing  zones  required  in  Lim  and 
Frank  Lake,  and  provide  justification  for  the  size  identified. 

3.  As  part  of  the  above  analysis,  there  is  a  need  to  determine 
if  Lim  Lake  conditions  are  analogous  to  the  early  stages  of 
meromixis  (chemical  stratification) ,  and  whether  similar  conditions 
could  occur  within  Frank  Lake.  Possible  remedial  measures  needed 
to  reduce  loadings  and/ or  their  impacts  to  Lim  Lake  should  be 
investigated  before  conditions  in  Lim  Lake  deteriorate  further. 
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4.  Given,  the  uncertainties  and  the  potentially  negative 
environmental  impacts  associated  with  the  regulation  of  water 
levels  in  Lim  Lake  by  a  beaver  dam,  the  inines  discharging  to  this 
waterbody  (Golden  Giant  and  David  Bell)  must  determine  whether  i) 
the  abandoned  beaver  dam  presently  controlling  Lim  Lake  water 
levels  can  be  safely  removed  without  any  negative  environmental 
impact  before  it  eventually  washes  out,  or  ii)  Lim  Lake  requires 
a  proper  control  structure  (dam) . 

5.  As  the  proponents  responsible  for  environmental  changes  in 
the  Hemlo  area,  the  three  mining  companies  must  be  made  responsible 
for  the  implementation  of  a  detailed,  comprehensive  study  of  metals 
in  the  sediment  and  impact  on  the  biota  (benthos  and  fish, 
including  fish  mercury  levels)  throughout  area  watersheds  to  be 
repeated  on  a  regular  five  year  basis.  Such  a  program  would  help 
determine  i)  the  full  extent  of  contamination  due  to  mining,  ii) 
the  full  impact  on  the  area's  biota,  iii)  whether  the  control 
measures  in  place  are  in  fact  adequate  to  protect  the  watersheds 
and  iv)  whether  implemented  remedial  measures  are  improving  water 
quality  in  damaged  areas  and  are  reversing  damage  to  the  area's 
biota.  Details  of  the  programs  will  have  to  be  determined  jointly 
by  the  companies  and  OMOE.  Reports,  including  analyses  and 
interpretation  of  the  data,  are  to  be  submitted  to  OMOE. 
Subsequent  action  will  depend  on  the  results  of  these  studies. 
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6.  As  the  result  of  detection  of  cyanide  in  groundwater 
monitoring  wells  near  the  Golden  Giant's  tailings  basin  and  the 
potential  of  seepage  from  the  Molson  tailings  basin  following  dam 
expansion,  the  companies  will  have  to  continue  to  monitor  for 
leachate  contamination  in  the  area's  groundwater  to  ensure  that 
there  that  will  be  no  negative  effect  to  Cedar  Creek  water  quality. 
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Figure  1.  -  O.M.O.E.  Sampling  sites  in  the  Hemlo  Region 


Figure  2.  Location  of  Gold  Mining  Facilities  In  The  HEMLO  Area 
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TABLE  3  Summary  of  effluent  acute  toxicity  (96h  LCgg)  monitoring  to 
rainbow  trout  (Onchorynchus  mykiss)  from  the  David  Bell, 
Golden  Giant  and  Williams  gold  mines  in  the  Hemlo,  Ontario 
region.  The  results  represent  a  summary  of  all  tests 
performed  by  the  Ontario  Ministry  of  the  Environment 
(including  MISA  data),  and  all  reported  results  from  the 
three  mines. 
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WILLIAMS 
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44 

67 

33 

0 

100 

100 

0 

0 

100 

0 

100 

100 

0 

50 

50 

100 

0 

100 

0 

100 

0 

100 

0 

80 

20 

rH    4-) 

(0 
^  (0 


x: 
■p 
c 
o 

e 

E 

o 
)-l 

4-1 

73 
0) 
)-i 
3 
l/l 
(0 
<U 

e 

(0 

4J 
<U 

E 
(C 

(0 

a 

0) 

■p 
u 
fl) 

rH 

tn 

u 
o 


e 

X. 
Q) 

■p 

O 

iH 
Q) 
XI 

TJ 

C 
(0 

> 

o 

Si 

-P 


^^«i 


m  4j  p 
0)  c  ,^ 

c 

U 


i-i 
(0 

X 

a 

& 

0) 

o 

X 

0) 

w 

0) 

-p 

e 

u 
m 
a 


x: 

C 
(0  (j-i 

en  ° 

c 

(0 
0) 

e 


m 

0) 

3 

iH 
(0 

> 

(0 

3 
C 
C 
< 


-P 
(0 

a 
w 

(0 

T3 
0) 

-p 
u 

0) 


u 
o 

3 

-p  ' 

(U  < 

1 

c 


o 
■p  ' 

•H 

c 
o 
s 

>1- 
-p 


CO 


O    3 

0  a 


H 

n 


o 


00 


00 
00 


00 


o 

•H 

■p 

■p 

CO 


"t 

[^ 

o 

rH 

rH 

CO 

CTi 

o 

en 

o 

rH 

• 

rr  rH 

(N 

• 

CP\ 

ro 

rH 

• 

r-  • 

[^  r- 

o  • 

O 

1 

o 

• 

o 

1 

O   1 

•  1 

•  1 

O 

rH 

• 

1 

• 

r^ 

•  in 

r~  IT) 

O  rH 

• 

o 

o 

t-i 

o 

o 

o  o 

• 

O 

o 

O 

o 

• 

t^ 

• 

• 

o 

• 

o 

rH 

o 

<n 

CO 

o 

VÛ 

o 

n 

^  o 

•^ 

• 

in 

. 

r-t 

• 

CO  rH 

t  t^ 

o  • 

o 

1 

rH 

1 

O 

1 

o  • 

•  1 

•  1 

o 

CN 

• 

en 

• 

r- 

•  1 

[^  (Ti 

O  rH 

. 

O 

o 

o 

o 

o 

O  VD 

o 

o 

o 

o 

O 

VO 

• 

• 

00 

o 

n 

rH 

r-- 

VÛ 

o 

CO 

O 

CM 

• 

(N  O 

'S- 

• 

in 

CM 

rH 

. 

CO  rH 

in  r- 

O   • 

o 

1 

rH 

• 

O 

1 

o  . 

•  1 

•  1 

o 

(N 

• 

1 

• 

^ 

•  1 

r~  n 

O  rg 

• 

o 

o 

CO 

o 

o 

O  VO 

. 

O 

o 

o 

o 

o 

r- 

o 

in 

rH 

a\ 

■«3" 

o 

rH 

O 

M 

<N  O 

ro 

• 

[^ 

n 

rH 

• 

00  rH 

CO  c^ 

O   • 

o 

1 

o 

• 

O 

1 

O   • 

•  1 

•  1 

o 

CN 

• 

1 

■ 

r~ 

•   1 

[^  VO 

O  rH 

• 

o 

o 

<N 

o 

o 

o  in 

■ 

O 

o 

O 

o 

o 

r« 

• 

• 

o 

• 

• 
rH 

• 

r- 

ID 

o 

a-\ 

o 

■^ 

. 

n  o 

't 

• 

rH 

in 

r-t 

• 

rH  rH 

■^  CO 

o  • 

o 

1 

r-i 

• 

O 

1 

rH   • 

•  1 

•  1 

o 

eg 

• 

1 

• 

CO 

•   1 

r-  o 

O  rH 

• 

o 

o 

CM 

o 

o 

o  r- 

• 

o 

o 

o 

o 

o 

r«- 

• 

• 

o 

rH 

r^ 

"* 

o 

rH 

O 

o 

. 

n  o 

IT) 

. 

r- 

O 

,-{ 

• 

O  rH 

^  r- 

o  • 

O 

1 

o 

• 

o 

1 

rH   . 

•  .1 

•  1 

O 

n 

• 

1 

• 

CO 

•   1 

r-  rH 

O  (N 

• 

o 

o 

CO 

o 

o 

o  r- 

. 

O 

o 

rH 

o 

o 

r- 

• 

o 

• 

o 

CM 

o 

CM 

r- 

,-i     . 

o 

o 

• 

O 

o 

• 

O  1 

CM 

• 

rH 

1 

r-i 

• 

■^  (N 

oo  r^ 

o  <u 

O 

1 

rH 

<D 

o 

1 

rH    • 

•  1 

•  o 

. 

n 

• 

0 

• 

o 

•   1 

r-  rH 

O  rO 

o 

o 

o 

(0 

o 

r^ 

o  CO 

• 

U 

O 

U 

O 

o 

t^ 

-P 

• 

-P 

• 

• 

^M« 

n 

0) 

10 

4J 

3 

•H 

u 

r^  m 

(0 

0) 

0) 

0 

H 

-H 

■P 

-p 

s: 

o 

c 

•H 

(0 

a 

>i  G 

0 

u 

u 

tn 

c 

la  -H 

e 

-p 

-p 

0 

o 

»  B 

3: 

g 

•H 

■H 

£1 

u 

ja 

a 

< 

2 

2 

cu 

M 

CP  « 

•H  > 

K  0 

i3 

^  «J 

<  ^ 

o 

ON 


a 

CO 


CO 
ON 


in 

CO 


CO 


Q) 

C 

•H 
+J 

c 
o 
o 


H 
h? 
CQ 

84 


C 

o 

•H 
■P 

Id 

CO 


O 

n 

CM 

rH 

^ 

rH 

O 

fN 

CM 

(N 

• 

• 

H 

• 

a^     • 

^ 

• 

ro 

m 

rH    O 

CO  <-i 

CO   CO 

iH    rH 

o 

1 

^ 

1 

O     1 

o    . 

•   1 

•  1 

• 

n 

• 

rH 

•   H 

.     1 

r-  vo 

O   f^J 

o 

o 

O 

H 

O   O 

O  yD 

. 

o 

o 

• 

• 

o 

r~ 

o 

H 

O 

O 

in 

t^ 

r-« 

o 

OJ 

en 

. 

r^  (Ti 

<J\ 

. 

CM 

• 

H   O 

CTN   CM 

•    1 

•    1 

rH 

1 

r~ 

in 

1 

O      • 
•     1 

o     • 
•    1 

œ  (N 

O   VO 

O 

o 

H 

o 

O   H 

o  in 

• 

o 

o 

fN 

O 

o 

r^ 

• 

o 

• 

o 

rH 

• 

O 

• 

• 

Oi 

o 

'^l' 

oo 

VD 

n 

to     • 

CN 

• 

CO 

• 

CM   O 

en    rH 

vo  r- 

(N   rH 

H 

1 

CO 

(M 

O      • 

o    • 

•    1 

•     1 

• 

n 

■ 

1 

•     1 

•   1 

r-  -a* 

O  ro 

O 

rH 

o 

"* 

O    rH 

o  ^ 

. 

O 

O 

n 

O 

o 

t^ 

o 

O 

o^ 

<Js 

H 

n 

in 

m 

• 

CTN   f- 

Vu 

• 

in 

• 

n  o 

rH    rH 

CO  t^ 

(N      • 

O 

1 

(j\ 

n 

o     . 

r-{        • 

•   1 

•     1 

• 

CO 

• 

1 

•    1 

•      1 

r-  r^ 

O  m 

O 

o 

o 

VO 

o   CM 

O   \D 

. 

o 

o 

H 

O 

O 

r^ 

o 

00 

fM 

H 

M 

CO 

>* 

• 

CTi   CO 

^ 

• 

CO 

• 

D   O 

in  (ji 

in  r~ 
•    1 

rH       • 
•     1 

o 

• 

1 

0\ 

• 

CM 

1 

O      • 
•     1 

CM      • 

•   1 

t^    OJ 

O   ^ 

o 

o 

o 

rH 

O    rH 

o   H 

• 

o 

o 

CM 

O 

H 

r^ 

• 

• 

ro 

CO 

o^ 

O 

in 

O 

O 

• 

ID  ^ 

CM 

. 

IT) 

• 

CM      • 

en  n 

IT)   C^ 

(N      • 

O 

1 

in 

,-{ 

O     1 

rH      • 

•     1 

•  1 

• 

t^ 

• 

1 

.   ^ 

•    1 

r-  CN 

o  n 

O 

O 

o 

CM 

O   H 

o  CO 

• 

o 

o 

H 

O 

o 

t^ 

• 

• 

CM 

n 

VÛ 

•^ 

o 

r^ 

o 

^ 

• 

H   H 

CM 

. 

0^ 

«5 

CM      • 

n  n 

•   1 

O      • 
•     1 

O 

1 

'S- 

1 

o    1 

•  in 

CM      • 
•    1 

>  m 

O   '3' 

O 

O 

o 

o 

o    rH 

O   CM 

• 

• 

O 

CM 

o 

rH 

r- 

O 

• 

• 

• 

• 

^^ 

a 

o 

m 

•p 

3 

•H 

u 

0) 

«J 

0) 

0) 

0 

0) 

•H 

+J 

+J 

Si 

(3   <S> 

C 

•H 

(0 

a 

•H    fl 

0 

u 

Vh 

m 

C 

iH  -H 

e 

-p 

+J 

0 

o 

0  a 

X 

e 

■H 

•H 

Si 

u 

M 

a 

< 

2 

S 

0^ 

H 

-o  s 

>iO 

W    rH 

0) 

-«  ja 

CQ  ^ 

TABLE  5  The  mean  and  range  values  for  select  parameters  reported  by 
Williams  Operating  Corp.  at  their  Polishing  Pond  discharge 
between  1987  and  1990.  The  percentage  of  weekly  samples  in 
exceedance  of  Certificate  of  Approval  levels  appear  in 
parentheses.   All  parameters  except  pH  are  in  mg/1. 


Parameter 

1987 

1988 

1989 

1990^ 

pH 

9.0 

9.7 

10.7 

9.5 

7.4-11.4 

7.9-10.8 

9.3-12.2 

8.5-9.96 

(11.5%) 

(9.6%) 

(62%) 

(-) 

Total 

0.02 

0.04 

0.09 

0.06 

Cyanide 

n.d.-O. 05 

n.d.-O. 24 

0.05-0.13 

0.02-0.12 

Antimony 

0.61 

0.46 

0.29 

0.34 

0.21-1.38 

0.26-0.79 

0.10-0.53 

0.26-0.43 

(-) 

(-) 

(-) 

(-) 

Molybdenum 

0.14 

0.17 

0.17 

0.21 

0.09-0.21 

0.08-0.23 

0.11-0.23 

0.15-0.28 

(-) 

(-) 

(-) 

(-) 

Arsenic 

0.12 

0.11 

0.14 

0.09 

n.d.-O. 41 

n.d.-O. 39 

n.d.-O. 56 

0.002-0.240 

Iron 

0.54 

09.39 

0.21 

0.43 

0.08-1.85 

0.22-1.05 

0.08-0.53 

0.27-0.72 

(6%) 

(2%) 

(-) 

(") 

Ammonia 

33.5 

22.5 

11.4 

13.2 

24.5-43.0 

5.5-51.0 

4.1-23 

5.6-20.2 

(100%) 

(92%) 

(49%) 

(79%) 

Polishing  pond  discharge  to  Cedar  Creek  was  eliminated 
March  26,  1990. 


TABLE  6  Mean  monthly  flows  for  Cedar  Creek,  downstream  of  the  Hemlo  mine 
sites  as  measured  at  the  Water  Survey  of  Canada's  hydrometric 
station,  1985-1989.   All  flow  measurements  are  in  m  /s. 


1985 

1986 

1987 

1988 

1989 

January 

2.27 

0.96 

0.76 

1.10 

1.20 

February 

1.17 

0.60 

0.66 

0.67 

0.81 

March 

0.54 

0.54 

0.73 

0.54 

0.57 

April 

3.38 

6.85 

3.69 

5.48 

1.66 

May 

4.90 

6.46 

2.19 

8.70 

13.80 

June 

2.72 

1.03 

2.42 

2.45 

2.75 

July 

1.46 

1.16 

2.16 

1.23 

0.43 

August 

2.79   . 

1.06 

1.89 

1.60 

0.08 

September 

2.58 

2.57 

1.01 

1.75 

0.04 

October 

6.35 

3.30 

1.23 

3.00 

0.15 

November 

,  4.07 

3.75 

2.88 

3.64 

0.58 

December 

2.11 

1.46 

2.47 

2.50 

0.48 
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TABLE  8  Annual  mean  and  range  values  for  selected  parameters  from 
quarterly  samples  from  the  Frank  Lake  outlet  as  measured  by 
the  Williams  Operating  Corp.,  1987-1989.  All  parameters 
except  conductivity  are  in  mg/£. 


1987 

1988 

1989 

1990 

Conductivity 

65 

571 

1188 

1532 

(umhos/cm) 

36-84 

119-905 

911-1544 

1126-1963 

Total  Cyanide 

0.013 

0.023 

0.011 

0.  010 

.009-. 028 

.016-. 032 

.01-. 013 

.005-. 016 

Copper 

0.001 

0.005 

0.005 

0.007 

.000-. 005 

.005-. 006 

.005-. 005 

.005-. 010 

Iron 

0.126 

0.107 

0.047 

0.05 

.066-. 206 

.020-. 279 

.02-. 069 

.02-. 07 

Antimony 

0.02 

0.20 

0.29 

0.36 

.00-. 08 

.06-. 30 

.22-. 39 

.19-. 47 

Arsenic 

0.02 

0.06 

0.07 

0.006 

.00-. 08 

.04-. 10 

.04-. 14 

.005-. 008 

Molybdenum 

<0.01 

0.060 

0.19 

0.33 

.01-. 10 

.08-. 29 

.23-. 48 
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